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AERONAUTIC SYMBOLS 

1. FUNDAMENTAL AND DERIVED UNITS 



Length 
Time__ 
Force. . 

Power. 
Speed. 



Symbol 



I 
t 

F 



P 
V 



Metric 



Unit 



meter 

second 

weight of 1 kilogram- 



horsepower (metric) . 
f kilometers per hour. 
\meters per second. _ 



Abbrevia- 
tion 



m 

s 

kg 



k.p.h. 

m.p.s. 



English 



Unit 



foot (or mile) 

second (or hour).. 
weight of 1 pound 

horsepower 

miles per hour 

feet per second 



Abbrevia- 
tion 



ft. (or mi.) 
sec. (or nr.) 
lb. 



hp. 

m.p.h. 
f.p.s. 



w, 

9, 
m, 



2. GENERAL SYMBOLS 



Weigh t—mg 

Standard acceleration of gravity = 9.80665 



m/s 2 or 32.1740 ft./sec. : 



Mass= 



W 



Moment of inertia =mk 2 . (Indicate axis 
radius of gyration k by proper subscript.) 
Coefficient of viscosity 



of 



v, Kinematic viscosity 

p, Density (mass per unit volume) 

Standard density of dry air, 0.12497 kg-m' 4 -s 2 

15° C. and 760 mm; or 0.002378 lb.-ft." 4 sec. 2 
Specific weight of "standard" air, 1.2255 kg/m 3 

0.07651 lb./cu. ft. 



at 



or 



3. AERODYNAMIC SYMBOLS 



S Wf 

G, 

b, 

c, 

b 2 

S' 

v, 

2> 
L, 

D, 

D 0 , 

D it 

D P , 

C, 

R, 



Area 

Area of wing 
Gap 
Span 
Chord 

Aspect ratio 

True air speed 

Dynamic pressure =^pV 2 

Lift, absolute coefficient C L = 

Drag, absolute coefficient C D = 

Profile drag, absolute coefficient C Dq =^ 

Induced drag, absolute coefficient C Di =^ 

Parasite drag, absolute coefficient ^^"g 

(j 

Cross-wind force, absolute coefficient Cc = ^§ 
Resultant force 



(relative to thrust 
(relative to thrust 



qS 
D 

S 2 S 



Q, 



c v 



Angle of setting of wings 
line) 

Angle of stabilizer setting 
line) 

Resultant moment 
Resultant angular velocity 

Reynolds Number, where / is a linear dimension 
(e.g., for a model airfoil 3 in. chord, 100 
m.p.h. normal pressure at 15° C, the cor- 
responding number is 234,000; or for a model 
of 10 cm chord, 40 m.p.s., the corresponding 
number is 274,000) 

Center-of-pressure coefficient (ratio of distance 
of c.p. from leading edge to chord length) 

Angle of attack 

Angle of downwash 

Angle of attack, infinite aspect ratio 

Angle of attack, induced 

Angle of attack, absolute (measured from zero- 
lift position) 
Flight-path angle 
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AIR PROPELLERS IN YAW 

By E. P. Lesley, George F. Worley, and Stanley Moy 



SUMMARY 

Tests oj a 3-joot model propeller at jour pitch settings 
and at 0°, 10°, 20°, and 30° yaw were made at Stanford 
University. In addition to the usual propeller coeffi- 
di nts j cross-wind and vertical jorces; and yawing , pitch- 
ing f and rolling moments were determined about axes 
having their origin at the intersection oj the blade axis and 
the axis oj rotation. 

The tests showed that the maximum efficiency was 
reduced only slightly jor angles oj yaw up to 10° but that 
at 30° yaw the loss in efficiency was about 10 percent. 
In all cases the cross-wind jor ce was jound to be greater 
than the cross-wind component oj the axial thrust. With 
a yawed propeller an appreciable thrust was jound jor 
V/nD jor zero thrust at zero yaw. Yawing a propeller 
was jound to induce a pitching moment that increased in 
magnitude with yaw. 

INTRODUCTION 

Although airplanes are generally designed so that the 
propeller axis lies approximately in the direction of 
normal steady flight, the condition of yaw is found 
during such maneuvers as curved flight and in (light at 
high angle of attack. These maneuvers are usually of 
short duration and, while the effect of yaw from these 
causes may be, in specific cases, of interest, it is possibly 
of no great consequence. If, however, propellers are 
to be yawed in the steady-flight condition, the effects 
of yaw may be important. Such a condition would 
arise in the case that a wing engine is placed, for struc- 
tural or other reasons, with its axis at an angle to the 
longitudinal axis of the plane. 

Air propellers in yaw have been the subject of both 
theoretical and experimental investigation (references 1 
to 5) but further information concerning the quanti- 
tative effect of small angles of yaw upon thrust, power, 
cross-wind force, and efficiency seemed desirable and 
therefore the present study was undertaken. While the 
study was made with the propeller axis in the hori- 
zontal plane and the angle between the propeller axis 
and the wind direction is thus called an angle of yaw, 
the results may be applied as well to angles of pitch 
since such body interference as was present would have 
been the same in either case. 



APPARATUS AND TESTS 

Wind tunnel. — The experimental work was done in 
the wind tunnel of the Daniel Guggenheim Aeronauti- 
cal Laboratory of Stanford University. This tunnel 
is of the open-throat type with a throat diameter of 
7/2 feet. The maximum wind velocity is about 90 miles 
per hour. 




Figure 1.— The dynamometer suspension. 



Dynamometer. — The propeller dynamometer con- 
sists essentially of a six-component balance. A driving 
motor was rigidly suspended by a steel tube and pylon 
of steel rods from a platform located above the wind 
stream. The platform was completely restrained by 
six electrically operated beam balances. 

The general arrangement and appearance of the 
dynamometer are shown in figures 1, 2, 3, and 4. In 
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figure L, numbers 1 to 6 indicate the leads to the 
restraining beam balances, the balances themselves 
being similarly numbered in figure 4. As may be seen, 
the A-frame or platform was restrained in the wind 
direction by balances 1 and 2, in the vertical direction 
by balances 3, 4, and 5, and in the cross-wind direction 
by balance 6. In addition to these restraining or 
measuring balances, there were three auxiliary beam 
balances, designated by A in figure's l and 4, that 




Figure 2. -The propeller set-up shown in the yawed position. 



carried the dead weight of the platform and suspended 
motor. The lines labeled Cl, C2, and CO (fig. 1) arc 
leads to counterweights used to give the necessary 
initial loads on balances 1, 2, and G. 

The forward (Mid-shield of the motor was elongated 
so that the propeller was well ahead of any considerable 
wind-stream obstruction. (See figs. 1, 2, and 3.) The 
distance from the propeller to the center of the sup- 
porting tube was two-thirds the propeller diameter. 
In figures 2 and 'A the motor is shown in the yawed 
condition. The angle of yaw could be adjusted as 
desired by a swivel joint provided in the supporting 

t ube. 

The motor, and such parts of the suspension as were 
in the wind stream, were shielded by a sheet-metal 
cover. Thus only the forces acting on the propeller 
were communicated to the platform and to the restrain- 



ing balances. An electric bell gave warning of contact 
between the motor or its supports and the metal cover. 

Propeller. — The propeller used in this investigation 
was a 3-foot metal right-hand adjustable propeller. It 
is designated propeller A in reference 6. It has a uni- 
form geometric pitch and a pitch-diameter ratio of 0.7 
when the blade angle at 0.75 radius is 10. G°. Four 
pitch settings were used: 16.6° (uniform pitch), 20.0°, 
24.0°, and 28.0°; all pitch settings were measured at 
the 0.757? station. 

TESTS 

Measurements were made of six components of the 
air force acting on the propeller, three vertical, two in 
the wind direction, and one in the cross-wind direction. 
From these component- and the arms of the restrain- 
ing balances, the rolling, pitching, yawing, and torque 
moments about axes having their origin at the inter- 
section of the propeller axis and blade axis were COm- 




Figure 3.— Upstream view of the propeller'test set-up. 



puted. For each pitch setting of the propeller, tests 
were made at 0°, 10°, 20°, and 30° yaw. 

As the model propeller driving motor was of the 
constant-speed type (about 1,800 r. p. in.), variations 
of the parameter V/nD were obtained by increasing 
the wind velocity in suitable increments. The pro- 
peller tip speed therefore remained nearly constant at 
about 280 feet per second. The Reynolds Number 
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Figure 4.— View of the electrical balancing units. 



was about 0.1 full scale, assuming the full-scale pro- 
peller to be 10 feet in diameter operating at a tip speed 
of 800 feet per second. 

The observed thrust and power are reduced to the 
usual coefficients 

T 

LyT ~pn 2 D 4 
i> 



( 



where 



_TXV__Ct„ v 
P ~C P *nD 

_5/f>V 5 _V_slJ i 

"V Pn 2 ~nDy C P 



T, thrust of the propeller measured parallel to the 

axis of the tunnel. 

P, motor power, 

p, mass density of the air. 

n, revolutions per unit time. 

D, propeller diameter. 

V, velocity. 



The vertical and cross-wind forces are reduced to 
coefficients similar to the thrust coefficient, 

C 



where 

F 8} vertical force. 

F vt cross-wind force. 
The moments about the three axes are reduced to 
coefficients similar in form to the propeller torque 
coefficient, 

c Q 

L 



c,= 
c, 
a 



.1/ 



pn 2 D> 
N 



where 



pn 2 D* 

Q, propeller torque. 
L, rolling moment. 
M, pitching moment. 
N, yawing moment. 
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RESULTS AND DISCUSSION 

In table I are given the computed values of propeller, 
force, and moment coefficients for different values of 
V/nD. 

In figure 5 the results of a test with the yaw dyna- 
mometer are compared with two earlier tests of the 
same propeller made in the same wind-tunnel using the 
Stanford University propeller dynamometer. The 
tests by Lesley and Keid are reported in reference (>; 
the tests by Babberger were made in connection with a 
study of the scale effect on air propellers submitted as 
a thesis at Stanford University in 1934. The agree- 
ment with Babberger's test at 2,000 r. p. m. is excellent, 
but the thrust and power coefficients derived from the 
yaw dynamometer test are consistently lower than 
those observed by Lesley and Reid. The angular 
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0 " Lesley and Reid, 3, 000 r. p. m. 

1 1 I 1 I I 1 I I I 1 I 1 



.2 



.4 .5 
nD 



.7 



.8 



Figure 5.— Comparison of data from different tests of the same propeller in the same 
wind tunnel. Propeller set 16.6° at 0. 75.fi?; 0° yaw. 

velocity in the latter test, however, was about 3,000 
r. p. m. and Babberger found that, with this propeller, 
the thrust and power coefficients increased slightly 
with angular velocity. Substantia] agreement with 
Babberger's tesl at 2,000 r. p. m. is regarded as evidence 4 
of the accuracy of the yaw dynamometer. 

Propeller, vertical-force, and cross-wind-force coeffi- 
cients are given graphically as functions of V/nD in 
figures 6 to 21. In figures 22 to 25 efficiency -q and 
V nD are given as functions of the speed-power ceoffi- 
cient C 8 . The maximum efficiency and V/nD at zero 
thrust are plotted in figure 26 against the secant of the 
angle of yaw ^. Figure 27 shows the ratio of cross-wind 
force to thrust for different values of V/nD. In 
figure 28 this ratio is plotted against the ratio of 
V/nD to V/nD at zero thrust. Pitching-moment 
coefficients are given as functions of V/nD in figure 29; 
y a wing-moment, rolling-moment , and torque coeffi- 
cients are plotted in figures 30, 31, and 32, respectively. 

The power coefficient (figs. 6 to 21) is little affected 
by yaw at low velocities of advance, i. e., at small 
values of V/nD. At larger values of V/nD the power 
coefficient increases with each increment of yaw. 

The thrust coefficient is decreased by yawing the 
propeller at low V/nD. This result is to be expected 



V 

since at ^ = 0 the axial thrust would bo independent 

of yaw, and the thrust in the wind direction would 
be the axial thrust multiplied by the cosine of the 
angle of yaw. At the larger values of V/nD the thrust 
coefficient is increased by yaw and the value of V/nD 
for zero thrust is also increased. 

Over the normal working range of a propeller there 
is thus a decrease in efficiency with yaw, although at 
the larger values of V/nD, greater than those for maxi- 
mum efficiency, the efficiency is increased by yaw. 

The manner in which efficiency varies with yaw in 
the normal working range is seen to advantage in 
figures 22 to 25 in which efficiency is plotted against 
the speed-power coefficient C s . 

In figure 26 the maximum efficiency for each blade- 
angle setting is plotted against sec \f/. The resulting 
parallel straight lines may be expressed by the equation 

Vmax = Vmax o —0.(\ (sCC ^— 1) 

where iy waXo is the maximum efficiency at zero yaw. 

In figure 2G the V/nD for zero thrust is also plotted 
against sec \p. As with rf maz it is seen that V/nD for 
zero thrust varies, over the range investigated, directly 
with sec \p. 

The vertical force coefficient of a propeller in yaw 
is negligible (it does, however, show an increase with 
yaw). Although in the graphical representation of 
figures 6 to 21 this coefficient, as well as the cross-wind 
force coefficient for zero yaw, appears to have consid- 
erable magnitude, it should be noted that the scale to 
which it is plotted is ten times that used for the thrust 
coefficient. 

The vertical force coefficient, while generally positive, 
appears in some instances to be negative at low V/nD 
and to change in sign as higher values of V/nD are 
reached. It is obvious that, assuming symmetrical 
How , the direction of the vertical force would depend 
on the relation between the direction of propeller ro- 
tation and direction of yaw. In these tests the pro- 
peller rotation was clockwise when looking upwind and 
the yaw was positive. Had either been reversed it 
seems evident that, with symmetrical flow, the sign of 
the vertical force coefficient would have likewise been 
changed. 

As would be expected, the cross-wind force coefficient 
-hows a marked increase with yaw. The ratio of cross- 
wind force to thrust is shown for the 28.0° propeller as 
a function of V/nD in figure 27. 

F V 
The curves are drawn from points -^=tan \p at ^=0. 

It is seen that at all values of V/nD greater than zero, 
F T is greater than tan \j/ or that the resultant hori- 

V 

zontal force is, except for "p == 0, inclined to the wind 
direction at an angle greater than the angle of yaw. 
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The ratio of cross-wind force to thrust as a function 
° f 7^/(ri7>) ' wnere (y/ n D) 0 is VfaD for zero thrust, is 

shown for all propellers in figure 28. It is seen that 
F y /T increases with propeller pitch setting as well as 
with yaw. 

It may be seen from these results that a propeller 
with its axis in pitch would develop thrust if operating 
at V/nD of zero thrust for axis parallel to direction of 
motion. The thrust under this condition may be of 
such magnitude that it should be considered in deriving 
airplane polars from glide tests with propeller running. 
For example, in glide tests of a VE-7 airplane (see 
reference 7), the drag coefficient at 15.1° angle of attack 
was found to be 0.143. From the present tests of pro- 
pellers in yaw it appears that the thrust exerted by the 
propeller in the glide test may have been double the 
amount credited to it and the drag coefficient thus have 
been 0.148. 

Further, in the derivation of the drag of the VE-7 
airplane in the power flight tests of reference 7, a 
quantity T sin B was credited to the propeller as a 
lilt wise force; B is the inclination of the propeller shaft 
to the wind direction. The present tests show that 
the credited amount should have been greater. 

It may also be seen that the difference between power 
and thrust coefficients of propellers in the flight and 
wind-tunnel model tests of reference 7 is qualitatively 
accounted for by the fact that in flight the propeller 
axis was at an angle of pitch, while in the wind-tunnel 
model it was parallel to the wind stream. 

The lift developed by a propeller with its axis in 
pitch is sufficient to account, in considerable degree, 
for the high lift coefficients apparently developed by an 
airplane at large angle of attack, power on. Millikan. 
Russell, and McCoy show (reference 8) an increase in 
lift coefficient of about 0.2 with power on at 20° angle of 
attack. Interpolating from these tests in yaw and 
allowing for the three-blade propeller used by Millikan, 
Russell, and McCoy, it appears that the liftwise force 
exerted by the propeller was sufficient to account for 
more than half of the increase in lift coefficient found. 

Pitching-moment coefficients for the propellers in 
yaw are shown in figure 29 as functions of V/nD. 
Under the conditions of these tests, the sign of the 
coefficient depends upon V/nD. It is generally posi- 
tive at large V/nD and negative at small V/nD. Like 
the sign of the vertical force coefficient, it is obvious 



that, assuming symmetrical flow, the sign of the pitch- 
ing-moment coefficient would also depend upon the 
relation between the direction of rotation and direc- 
tion of yaw; a reversal of either would result in reversing 
the sign of the pitching moment. Since the vertical 
force is small compared with thrust, a positive pitching 
moment shows a location of the line of action of thrust 
below the Y axis and a negative pitching moment a 
location above the Y axis. 

Some verification of the observed change in sign of 
pitching moment with V/nD may be derived through 
analysis by simple blade-element theory. For ex- 
ample, it can be shown that for the 24.6° propeller in a 
vertical position and at 30° yaw, the pitching moments 
of the 0.75 radius elements are proportional 81 and 
— 14 at V/nD 1.2 and 0.3, respectively. The ratio of 
these calculated moments is —5.8. The test of this 
propeller at 30° yaw shows a pitching-moment coeffici- 
ent of 0.0066 at V/nD=\.2 and —0.0018 at V/nD = Q.Z. 
The ratio of pitching moments in the two cases is thus, 
for the whole propeller, —3.7. 

It is possible that a part of the indicated pitching 
moment is due to a slight wind-stream asymmetry. 
Wind-stream surveys, however, revealed not more 
than lji percent variation of velocity from the mean at 
the propeller disk, which appears insufficient to account 
for any considerable proportion of the pitching moment 
found. It will be noticed that there are insufficient 
observations to determine definitely the form of the 
pitching-moment curve in the low V/nD range. As 
this portion of the curve is of little practical impor- 
tance, rather arbitrary functions have been drawn that 
become zero, as they should, at zero V/nD. It seems 
unlikely that, in the operating range, the magnitude 
of the pitching moment will be sufficient to affect 
greatly the stability characteristics of an airplane. 

The ya wing-moment coefficients, shown for the 16.8° 
and 28.6° propellers in figure 30, increase slightly 
with yaw. Even for the 30° yaw tests, however, the 
magnitude of the yawing moment about the axis 
chosen is extremely small. 

Figures 31 and 32, showing the torque and rolling- 
moment coefficients for the 28.6° propeller, are of 
interest because it may be seen that the rolling moment 
increases more rapidly with yaw than the propeller 
torque. Although this result is illustrated for only 
one propeller, computations for the others show 
similar relations. 
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Figure 18.— Characteristics of a profiler set 28.f>° at 0.75/?; 0° yaw 
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Figure 20.— Characteristics of a propeller set 28.6° at 0.75/?; 20° yaw. 
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Figure 19.— Characteristics of a propeller set 28.6° at 0.75/?; 10° yaw. 
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Figure 21.— Characteristics of a propeller set 28.6° at 0.75/?; 30 •yaw. 




Figure 24.— Variation of efficiency and V/nD with speed-power coefficient for a 
propeller set 24.6° at 0.75B and yawed different amounts. 



FIGURE 25.— Variation of efficiency and YjnD with speed-power coefficient for 
a propeller set 28.6° at 0.75i? and yawed different amounts. 
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Figure 28.— Variation of the ratio of the cross-wind force to thrust with the ratio of 
V/nD to (\'JnD)o for four pitch settings and three angles of yaw. 
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Figure 29— Variation of pitching-moment coefficient with V/nD for four pitch settings and four angles of yaw. 
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Figure 30 -Variation of yawing-moment coefficient with V/nD for two pitch set- Figure 31.-Variation of rolling-moment coefficient with V/nD for a propeller set. 

28.6° at 0.75/? for four angles of yaw. 
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Figure 32.- Variation of torque coefficient with V/nD for a propeller set 28.6° at 0.75/? for four angles of yaw. 
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CONCLUSIONS 

The results of these experiments showed that: 

1. Over the normal working range of the propeller, 
there was a decrease in thrust, an increase in power 
absorbed, and a decrease in efficiency with yaw. Up 
to 10° of yaw, the loss in maximum efficiency was not 
more than 2 percent, but at 30° }^aw it became about 10 
percent. 

2. The cross-wind force was greater than the cross- 
wind component of the axial thrust. This result indi- 
cates that the corresponding lift due to a propeller with 
Its axis in pitch accounts for a larger proportion of the 
increase of lift coefficients apparent in airplanes at high 
angles of attack, power on, than would be estimated 
from the vertical component of the axial thrust. 

3. With the yawed propeller, there was an appreciable 
thrust at V/nD for zero thrust at zero yaw. Conse- 
quently, airplane glide tests made with the propeller 
idling at a V/nD for zero thrust at zero yaw should be 
corrected for the thrust due to the yawed propeller. 

4. Yawing the propeller induced a pitching moment 
that increased in magnitude with yaw. 



Daniel Guggenheim Aeronautical Laboratory, 
Stanford University, California, October, 1936. 
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TABLE I 

COMPUTED VALUES OF COEFFICIENTS FOR DIF- 
FERENT PITCH SETTINGS AND VARIOUS ANGLES 
OF YAW 



V 
nD 


Cp 


Ct 


V 








C n 






16.6° 


PITCH SETTING, 0° YAW 




0. 124 
.254 
.335 
.419 
.484 
.546 
.592 
.648 
.703 
. 743 
. 786 
.822 


0. 0402 

. mso 
.0387 
.0369 
. 0301 
.0331 
.0310 
.0283 
. 0244 
. 0200 
. 0153 
.0090 


0. 0*73 
.0804 
.0731 
.0650 
.0573 
.0489 
.0437 
. 0349 
.0274 
. 0196 
.0110 
. 0036 


0. 269 
.525 
.633 
.738 
.768 
.807 
. X34 
.800 
.790 
.728 
.565 
.329 


-0. 00030 
-.00018 
-.00012 
-.00006 
-. 00006 

0 

0 

0 

0 

.00006 
.00006 
.00006 


-0. 00030 
-.00061 
-.00049 
-.00043 
-.00079 
-. 00079 
-.00061 
-.00030 
-.00061 
-.00024 
-.00030 
.00006 


0. 00047 
. 00067 
.00077 
. 00004 
-. 00005 
-.00055 
-.00077 
-.00016 
-.00037 
. (XKX)4 
.00020 
. 00069 


-0. 00055 
-.00061 
-.00069 
-.00049 
-. 00045 
-.00026 
-. 00022 
-. 00035 
-. 00026 
— . 00035 
-.00018 
-.00006 






16. 6° 


PITCH SETTING, 10° 


YAW 




0. OX] 
. 203 
. 297 
.381 
.III 
.501 
.551 
. 602 
.656 
.700 
.736 
. 773 
.840 


0.0382 
.0385 
.0387 
.0376 
.0371 
.0349 
.0330 
. 0319 
0276 
. C247 
.0217 
.0169 
.0098 


O.IKS} 

. OS2S 
. 0760 
.0679 
. 0619 
. 0549 
. 0 1S7 
. 0434 
.0312 
. 0276 
.0216 
.0149 
.0014 


0. 187 
.437 
.583 
. 6NK 

.736 
.788 
.813 
.819 
.813 
.782 
.733 
.682 
. 120 


0. 0155 
.0150 
.0140 
.0130 
.0121 
.0112 
.0103 
. 0097 
.0084 
.0076 
. 006X 
.0061 
.0044 


-0. 00024 
-.00024 
-. 00030 
-.00018 
-.00006 
-.00018 
-.00024 
-.00048 
-.00036 
-. 00009 
.00006 
.00042 
.00120 


-0.00023 
-.00004 
. 00026 
.00012 
.00012 
.00007 
.00036 
-.00040 
.00010 
.00030 
.00032 
.00111 
.00148 


-0. 00030 
-. 00020 
-.00008 
.00006 
.00008 
-.00006 
. 00010 
. (KKK)S 
. 00032 
. 00040 
.00050 
. 00054 
.00078 






16. 6° 


PITCH SETTING, 20° 


YAW 




0. 075 
.224 
. 283 
.381 
.460 
. .506 
.558 
.613 
.674 
.716 
.744 
.780 
.820 
.854 
.883 


0.0411 
.0398 
.0395 
.0393 
.03*51 
.0376 
.0357 
.0334 
. 0304 
.0279 
.0252 
.0228 
.0178 
.0147 
.0115 


0.0841 
.07S4 
.0758 

.06X2 
.11500 
.0549 
.0491 
.042* 
.0349 
.0291 
. 0217 
.0190 
.0122 
.0067 
.0017 


0. 154 
.441 
.543 
.661 
.70* 
.739 
. 76s 
. 7*0 
.774 
.747 
.730 
.650 
.562 
.390 
. 130 


0. 0308 
. 0300 
.0291 
.0273 
.02 is 
.023} 
.02 IS 
.0200 
. 0179 
.0164 
.0154 
. 0139 
.0122 
.0109 
.0096 


0.00012 
-.00012 
.00012 
.110025 
-.00012 
— . 00006 
.00018 
.00037 
. 00073 
.00079 
. 00067 
.00116 
. (XV207 
. 00195 
.00225 


-0.00200 
-.00037 
.00022 
. 00067 
.00021 
.00059 
.00071 
.00098 
. no 12 s 
.00151 
.00220 
. 00194 
. 00290 
. 00307 
.00332 


0.00023 
.00012 
. 00026 
.00047 
. 00053 
. 00067 
. 00057 
. 00060 
. 00083 
. 00106 
.00108 
.00124 
.00136 
.00140 
.00146 



16. 6° PITCH SETTING, 30° YAW 



0. 095 


0.0394 


0.0760 


0. 1S3 


0. 0448 


-0.00080 


— 0. 00190 


-0.00021 


. 255 


. 0403 


.(•7(11 


416 


.0434 


.00099 


— . 001 13 


. 00035 


.350 


. 0396 


.0651 


.576 


.0413 


— . 00093 


-.1)0029 


. 00056 


. 419 


. 0393 


. 0593 


.632 


. 03SS 


-.00037 


-.00031 


. 00070 


. is} 


. 0391 


.05}5 


.675 


.0367 


-.00012 


-.00012 


oooss 


. .536 


.0376 


.0496 


.707 


.0315 


. 00035 


.00037 


.00111 


. 003 


. 11367 


.013} 


.713 


.0320 


. 00043 


.00072 


.00111 


. 654 


.0345 


.03S1 


.722 


.029S 


.00056 


.00109 


.00117 


.703 


.0318 


.0325 


.718 


.0276 


. 00093 


.00148 


.00136 


. 751 


. 0291 


.0272 


.702 


.0255 


.00112 


.00206 


.00159 


.792 


.0254 


.0217 


.677 


.0235 


.00143 


. 00256 


.00155 


.834 


. H227 


.0160 


. 58 S 


. 021 1 


.00173 


. 00306 


.00175 


SSJ 


. 0201 


.0100 


. 13'.* 


.0188 


H0212 


. 00370 


.00192 


. 930 


.01.50 


.0034 


.211 


.0162 


.00247 


.00415 


. 00185 



20.6° PITCH SETTING, 0° YAW 



V 
nD 


Cp 


C T 


V 


Cp* 


Cr. 


c„ 


0. 124 


0.0639 


0.0884 


0. 172 


-0.00018 


-0. 00073 


O 0OO77 


.270 


.0561 


.0907 


.437 


-.00024 


.00440 


.00026 


.359 


.0535 


.0X90 


.597 


-.00024 


-.00091 


.00018 


.441 


.0534 


.0X33 


.688 


-.00018 


-.00116 


-.00034 


.509 


.0515 


.0762 


.753 


-.00012 


-. 00055 


. 00034 


.563 


.0507 


.0697 


.774 


-.00012 


-.00067 


.00022 


.634 


.0483 


.0612 


.804 


-.00012 


-.00067 


.00033 


.739 


.0425 
. 039S 


.01X3 


.839 


-.00018 


-.00061 


-.00002 


. 785 


.0427 


.842 


-.00018 


-.00043 


. 00014 


. S36 


.0349 


.0350 


.838 


-.00012 


-.00049 


-.00020 


.874 


.0309 


.0291 


.823 


-.00006 


-.00018 


-.00004 


.920 


.0258 


. 0210 


.749 


0 


-.00030 


-.00024 


.963 


.0194 


.0124 


.616 


.00012 


-.00042 


-.00028 


1.001 


.0130 


.0049 


.377 


.00024 


-.00006 


.00007 


1.015 


.0105 


.0013 


.126 


.00024 


.00030 


.00033 
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TABLE I— Continued 



V 
nD 


C P 


Ct 


V 






c m 


20.6° PITC 


m SET 


TING, 10 


0 YAW 





0. 0632 

.0508 

. 0526 

.0528 
.0528 

. 0507 
.050-1 
.0489 
.0100 
.0446 
.0392 
.0344 
.0270 
. 0245 
.0150 
.0107 



0. oss.3 
. (VSs5 
. 0901 

. us;,:, 
. osis 
0747 
.0694 
. 0646 
.0568 
.0516 
. 0426 
. 0330 
. 0226 
.0162 
.0062 
. 0002 



0. 113 
.358 
.504 
.625 
. 082 
.747 
.762 
. 787 
.817 
.819 
.844 
.808 
.758 
. '120 
.409 
.019 



0.0155 
.0164 
.0170 
.0164 
.0160 
.0150 
. 0144 
. OI3s 
. OIL'S 
.0122 
.0112 
.0101 
.0091 
. I MVS 5 
. 007S 
000,8 



0. 00095 
-.00066 
-.00090 
-. 00084 
-.00126 
-.00102 
-.00078 
-. 00055 
-.00048 
-.00036 
00012 
-.00006 
. 00024 
-.00018 

. mm 

. 00090 



20.6° PITCH SETTING, 20° YAW 



20.6° PITCH SETTING, 30° YAW 



24.6° PITCH SETTING, 0° YAW 



24.6° PITCH SETTING, 10° YAW 



-0.00174 
-.00120 
. 00072 
-.00054 
-. 00092 
-.00072 

IK MI50 
ill ll ML' 
-. 00024 
-.00030 
-. 00002 
-.00002 
. 00043 
. 00050 
.00116 
.00128 



0. 088 


0.0617 


0. 0854 


0. 122 


0. 0317 


0. 00019 


0.00206 


.241 


. 0529 


.OS57 


. 390 


.0337 


. 00109 


0 


.342 


.0519 


.OS 19 


. 560 


.0339 


. 00051 


ins 


.435 


.0518 


. 0789 


. 662 


. 0325 


. 00037 


.00018 


.507 


.0522 


. 0735 


.714 


.0312 


. IHI092 


.00071 


.623 


. 0492 


.0010 


.772 


. 0279 


.00080 


. 00073 


.682 


.0471 


.0543 


.786 


.0202 


. 00086 


. 00092 


.738 


. 0444 


. 0485 


.soo 


.0218 


.00128 


.00141 


.786 


.0416 


. 0427 


.806 


. 0235 


.00147 


.00153 


.841 


.03S6 


.0358 


.780 


. 0226 


.00159 


.00185 


.880 


. 0337 


.0299 


.780 


.0210 


.00159 


.IIH235 


.925 


.0299 


. 0234 


.724 


.0197 


. ooisi 


. 00287 


.967 


.0248 


.0101 


.628 


.0182 


UII197 


. 00360 


1.000 


.0198 


.0101 


.510 


.0169 


.110219 


.00455 


1.058 


.0131 


.0018 


. 146 


.0147 


.00270 


.00469 



0. 107 


0.00,12 


0. 0772 


0. 129 


0.0460 


-0.00143 


-0.00376 


.267 


.0562 


.0788 


.374 


. 0493 


-.00081 


-.00085 


.358 


.053-9 


.0772 


.513 


.0495 


.00018 


-.00072 


.454 


. 0533 


.0718 


.612 


.0178 


-.00018 


. (.0003 


.540 


.0525 


.0654 


.673 


.0454 


.00031 


. 00006 


.618 


.0516 


.0592 


.709 


.0432 


.00067 


. 00085 


.688 


.0502 


.0530, 


.735 


.0417 


.00050 


.00144 


.765 


. 0469 


.0460 


.750 


.0384 


.00112 


.00188 


.831 


.0434 


.0385 


.738 


.0359 


.00174 


.00251 


. 892 


.0378 


.0314 


.741 


. 0335 


.00169 


. 00338 


.944 


.0352 


.0253 


.678 


.0316 


. 00237 


.00379 


.998 


.0297 


.0183 


.615 


. 0293 


. 00299 


. 00505 


1.044 


.0270 


.0127 


.491 


.0275 


.00314 


. 00504 


1.096 


.0231 


.0070 


.332 


.0257 


.00329 


.00594 


1. 147 


.0182 


. 0006 


.038 


.0232 


.00365 


.00032 



1 13 


0. 0757 


o. 0996 


0. 188 


-0. 00031 


(). (XKV03 


0. 00032 


210 


.0780 


.0909 


.287 


-.00025 


— . 00044 


. 00056 


11! 


. 0730 


. 0915 


.575 


-.00024 


-. 00091 


.00004 


552 


. 0704 


. 0901 


.706 


-.00018 


-.00098 


. 0OO20 


666 


. OOS5 


.0784 


.762 


-.00025 


-.00086 


-.00012 


743 


.0648 


.0093 


.794 


-.00024 


-.00116 


-.00004 


81 1 


. 0618 


. 0615 


.807 


-.00031 


-.00068 


-.00018 


867 


.0572 


. 05 IS 


.830 


-. 00025 


-.00008 


-.00034 


918 


. 0530 


. 0482 


.835 


-. 00012 


0OO19 


00012 


904 


. 0190 


.0422 


.830 


-.00006 


-.00055 


-.00038 


012 


. 0424 


. 0357 


.852 


. 00018 


-.00043 


-. 00018 


050 


. 0380, 


.0292 


.795 


. 00006 


-.00061 


-. 00090 


092 


0328 


. 0226 


. 752 


.00012 


00055 


-.00070 


131 


. 0267 


. 0153 


.648 


.00018 


-.00074 


-.00070 


161 


.0200 


. (KVSl 


.488 


. 00024 


-.(XX) 12 


-.00015 


202 


.0118 


.0006 


.061 


. 00018 


(KMVH5 


mm 



0.099 


0. 0762 


ii 09S2 


0 128 


0. 0175 


0 00013 


() (XI007 


.312 


. 0756 


. OSS] 


.364 


.0172 


-.00018 


-. 00033 


.449 


.0683 


.0946 


.622 


.0189 


-.00006 


DOOM) 


.551 


.0686 


. (V878 


.706 


.0181 


-.00030 


0OO15 


.664 


.0665 


.0701 


.763 


.0168 


0 


.00082 


.744 


.0637 


.0683 


.798 


.0159 


.00037 


. 00090 


.815 


. 0603 


. 0597 


.807 


.0150 


.00068 


.00104 


.867 


. 0564 


.0534 


.821 


.0145 


.00074 


.00096 


.918 


. 0530 


.0474 


.821 


.0139 


.00074 


.00097 


.970 


.0470 


.0404 


.834 


. 0134 


. 00105 


.00145 


1.014 


. 0429 


. 0339 


.801 


.0128 


.00123 


. 00176 


1. 046 


.0388 


. 0286 


.772 


.0124 


.00129 


.00211 


1.093 


. 0336 


.0214 


.696 


.0119 


.00128 


. 00208 


1. 127 


. 0288 


.0149 


.583 


.0114 


. 00135 


. 00256 


I. 162 


.0206 


.0073 


.412 


.0109 


.00188 


. 0031 1 


1.202 


. 0152 


.moo 


.047 


.0102 


.00207 


. 00363 



TABLE I Continued 



V 
nD 


Cp 


C T 


V 


Cpy 


Cp, 


C m 



24.(>° PITCH SETTING, 20° YAW 



0.094 


0. 0740 


0. 0950 


0.121 


0. 0354 


-0.00068 


-0. 00320 


.286 


.0741 


.0885 


.342 


. 0356 


-.00074 


-. 00222 


.381 


. 0734 


.0875 


.454 


.0358 


. 00043 


. Dill i.'7 


.466 


.0082 


.0891 


.609 


. 0377 


-.00006 


-.00002 


.562 


.0682 


.0830 


. osi 


.0365 


-.00031 


-. 00018 


.647 


.0670 


.0765 


.738 


. 0352 


.00006 


. 00053 


.717 


. 0658 


. 0699 


.762 


.0339 


.00031 


.00064 


. 771 


.0632 


. 0644 


.786 


.0328 


. 00068 


.00112 


.821 


.0610 


. 0592 


.797 


.0316 


. 00O93 


. 00132 


.874 


.0585 


.0538 


.804 


. 0306 


.00118 


.00157 


.922 


. 0553 


.0482 


.804 


. 0295 


.00149 


. 00226 


.971 


.050!) 


.0418 


.798 


.0285 


.00143 


. 00232 


1.014 


.0150, 


. 0359 


.798 


. 0276 


.00198 


. 00328 


1.055 


.0414 


.0295 


.752 


. 0272 


.00191 


. 003S7 


I.09S 


. 0374 


. 0238 


.699 


.0257 


. 00254 


. 00458 


1. 141 


. 0319 


01S1 


.648 


. 0250 


. 00254 


. 00187 


1. 175 


. 0264 


.0124 


.552 


. 0239 


. 00252 


.00534 


1.258 


. 0146 


.0001 


.031 


. 0215 


. 00258 


.00632 


24.6° PITCH SETTING, 30° YAW 


0. 117 


0. 0742 


0. 0868 


0. 137 


0. 0516 


-0. 00019 


-0. 00507 


.343 


.0724 


.0808 


.383 


. 0527 


. 00099 


-.00206 


.458 


.0713 


. 0793 


.509 


. 0542 


.00130 


-.00087 


.567 


. 0678 


. 0776 


.649 


. 0546 


. 00025 


.00010 


.674 


. (M572 


. 0703 


.705 


. 0529 


.00012 


. 011097 


.757 


. 00,09 


. 0637 


.721 


.0510 


.00050 


.00130 


.828 


. 0638 


. 0576 


.748 


.0491 


. 00093 


. 00202 


.883 


.0614 


. 0522 


.751 


.0478 


.000'. 19 


00219 


.937 


. 0604 


.0474 


.735 


.0166 


. 00093 


. 00213 


.981 


. 0561 


.0427 


.747 


.0454 


. 00193 


. 00386 


1.028 


. 0534 


. 0376 


.724 


.0441 


.00212 


.00137 


1.070 


. 0501 


. 0326 


. 696 


.0429 


. 00255 


. 00482 


1. 115 


.010,2 


.0278 


.671 


.0418 


.00256 


. 00534 


1. 153 


.0438 


. 0235 


.618 


. 0407 


. 00304 


.00504 


1. 189 


.0408 


.0194 


.565 


. 0397 


. 00273 


. 000)50 


1.229 


. 030,2 


.0147 


.499 


.0384 


.00328 


. 00722 


1.269 


.0331 


. 0105 


.402 


.0372 


. 00272 


. 00750 


1.315 


.0289 


.0056 


.255 


.0360 


.00340 


.00826 



28.6° PITCH SETTING, 0° YAW 



V 
nD 


Cp 


Ct 


V 


c Fu 


Cp t 


Cm 


C n 


Ci and Cq 


0. 229 


0. 1002 


0. 1006 


0.230 


-0. 00032 


-0.00044 


0. 00090 


-0. 00046 


-0. 0160 


.369 


0944 


. 0965 


.377 


-.00025 


-.00044 


. 00055 


-.00048 


-. 0150 


.560 


. 0008 


. 0952 


.587 


-. 00019 


-. 00051 


. 00008 


-. 00056 


-.0145 


.643 


.0894 


.0975 


.702 


-.00025 


-. 00089 


. 00055 


-.00054 


-.0142 


.728 


, 0SS3 


.0909 


.750 


-.00025 


-.00064 


. 00053 


-.00052 


-.0141 


.806 


. OS57 


. 0831 


.784 


-. 00032 


-.00057 


. 00034 


-.00043 


-.0136 


. 80,1 


.0821 


. 0769 


809 


-. 00032 


-. 00089 


-.00013 


-.00046 


-.0131 


.913 


. 0792 


. 0716 


.825 


-. 00025 


-.00044 


. 00030 


-.00039 


-.0126 


.976 


. 0736 


.0612 


.812 


-. 00006 


-.00025 


.00065 


-.00035 


-.0117 


1.024 


.0708 


. 0582 


.842 


0 


-.00032 


-.00023 


-. 0(X)34 


-.0113 


1.067 


. (X>58 


. 0519 


. 812 


.00006 


-.00019 


.00002 


-.00027 


-.0105 


L. 124 


.0612 


. 0455 


.836 


. (XXX16 


-.00038 


-.00019 


-. 00028 


-.0097 


I. 169 


. 0552 


. 0390 


.826 


. 00006 


-. 00032 


-. 00011 


-.00014 


-.0088 


I. 263 


. 0431 


.0254 


.744 


0 


. IMNIIl 


-.00061 


-. 00026 


-.0069 


1.305 


.0343 


.0179 


.681 


.(XX) 12 


-.00032 


-.00042 


-.00012 


-.0055 


1.307 


. 0343 


.0184 


.702 


.00006 


-.00057 


-.00080 


-.00029 


-.0055 


1.345 


.0276 


.0118 


. 575 


. 00032 


-.00019 


-.00038 


-.00009 


-.0028 



28.0° PITCH SETTING, 10° YAW 



V 
nD 


Cp 


Ct 




Cpy 


Cp, 


Cm 


Cn 


Ct 


Cq 


0.218 


O. 09ss 


0. 0980, 


0.218 


0. 0187 


-0. 00063 


-0. 00159 


-0. 00055 


-0. 0157 


-0.0157 


.317 


. 0901 


.0981 


.345 


.0193 


-. 00056 


-.00111 


-.00071 




0144 


-.0143 


.409 


.0901 


. 0920 


.420 


.0191 


-.00025 


-.00082 


-. 00065 




0144 


-.0143 


.541 


.0886 


.0925 


.565 


.0198 


-.00063 


0 


-. (XX)78 




0143 


-.0141 


.639 


.0892 


.O90O 


. OSS 


. 0207 


-.00095 


-. 00072 


. (KMUS 




0143 


-.0141 


. 727 


.0877 


. 0901 


.747 


.0204 


-.00057 


.00008 


-. 00004 




0142 


-.0140 


.806 


.0854 


(VS30 


.784 


. 0196 


-.00025 


.00017 


. 00011 




0139 


-.0136 


.866 


. 0820, 


.0768 


.805 


.0191 


.00045 


. 00145 


. (MMMV5 




0135 


-.0131 


.924 


. 0796 


.0706 


.819 


.0187 


.00057 


. 00093 


.00030 




0130 


-.0127 


.970 


.0758 


.0636 


.814 


.0182 


.00096 


.00047 


. 00006 




0124 


-.0121 


1.027 


.0716 


. 05sl 


.833 


.0179 


.00108 


.00131 


.00040 




0118 


-.0114 


1. 080 


.0670 


.0518 


.835 


.0173 


.00095 


. 00135 


.00049 




0110 


-.0107 


I. 122 


. 0623 


.0463 


.834 


.0171 


. 00102 


.00140 


. 00049 




0103 


-.0099 


I. 174 


. 0583 


.0395 


.796 


.0165 


.00089 


.00144 


. 00069 




0097 


0093 


I. 220 


. 0532 


. 0330 


. 757 


.0163 


.00095 


.00182 


.00068 




0089 


-.0085 


1.263 


.0479 


. 0262 


.691 


.0161 


.00158 


. 00246 


.00079 




0082 


-.0076 


1.306 


.0404 


.0193 


.624 


.0159 


.00202 


.00303 


.00085 




0070 


-.0064 



AIR PROPELLERS IN YAW 
TABLE I— Continued TABLE I — Continued 



15 



V 

nD 




C T 


V 


Cf» 


c Ft 


C m 


C n 


Ci 


Cq 


V 
nD 


Cp 


Ct 




Cpy 


c Ft 


c m 


Cn 


Ci 


Cq 


28.6° PITCH SETTING, 20° YAW 






28.6° PITCH SETTING, 30 c 


YAW 






0. no 

. 3so 
.511 
.632 
.721 
.804 
.865 
.923 
.977 
1.029 
1.076 

1. 122 
1. 169 
1.215 
1.264 
1.312 


0. 1049 
.0957 
.0894 
.0902 
.OS79 
.ONTO 
.0855 
.0828 
. oso:> 
.0777 
.0732 
.0689 
. (1627 
.0589 
.0536 
.0479 


0. 0957 
.0924 

.ONMt 

. (KM 
. 0856 
.0803 
.0750 
.0696 
.0644 
. 0591 
.0535 
.0476 
.0418 
. 0362 
.0295 
.0234 


0. 100 

.367 
.508 
.617 
.702 
.742 
.759 
.776 
.782 
.783 
.786 
.775 
.779 
.747 
. 696 
.641 


0. 0363 
. 0385 
.0188 

.040S 

.0413 
.0407 
.0400 
.0393 
.0385 
.0378 
.0371 
.0363 
. 0355 
.0352 
. 0346 
.0340 


-0. 00082 
-. 00063 
-. 00075 
-.00019 
. 00025 

0 

. 00076 
.00089 
.00127 
. 00102 
.00158 
.00190 
. 00239 
.00258 
. 002(54 
.00326 


-0. 00464 
-. 00221 
.00046 
. 00034 
.00100 
. 00134 
.00179 
. 00226 
. 00264 
. 00258 
.00342 
. 00398 
.00469 
.00504 
.00573 
. 00832 


-0. 00053 
-.00067 
-.00088 
-.00060 
-.00002 
.00040 
. 00072 
. 00086 
. 00096 
.00104 
. 00099 
.00120 
. 00135 
.00138 
.00152 
.00144 


-0.0161 
-.0154 
-.0152 
-.0154 
-.0152 
-. 0152 
-. 0151 
-.0147 
-. 0145 
-.0140 
-. 0136 
-. 0129 
-.0125 
-.0119 
-.0112 
-.0104 


-0. 0167 
-.0152 
-.0142 
-.0144 
-.0140 
-. 0138 
-.0136 
-.0132 
-.0128 
-.0124 
-.0117 
-.0110 
-.0100 
-.0094 
-. 0085 
-.0076 


0. 130 
.365 
.520 
. 645 
.727 
.805 
.870 
.924 
.978 

1.034 
1.080 

1. 131 
1. 178 
1.229 
1.274 
1.310 


0. 1031 
.0922 
.0875 

. OSS l 

. OSS2 
.OS54 
.0853 
. IIM1 
.0812 
.0S21 

. oim 

.0726 
.0718 
.0706 
.0653 
.0567 


0. 0874 
.0839 
.0818 
. 0789 
.0771 
.0739 
.0701 
.0604 
.0620 
. 0573 
.0534 
.0488 
.0439 
.0392 
.0343 
. 0293 


0. 110 
.332 
.486 
.571 
.636 
.697 
.715 
.727 
.747 
.722 
.753 
.760 
.720 
.682 
.669 
.677 


0. 0536 
.0568 
.0584 
.05% 

.OOOS 

.%11 

.0609 
.0601 
. 0595 
.0590 
.0583 
.0579 
.0570 
.0566 
.0560 
.0551 


0.00038 
.00212 
.00149 
. 00256 
. 00307 
.00275 
.00245 
.00233 
.00257 
.00328 
.00284 
.00271 
.00308 
.O02S5 
.00322 
.00356 


-0. 0%53 
-.00379 
-. 00197 
-.00060 
.00072 
.00135 
.00178 
.00264 
.00318 
.00406 
. 00462 
. 00515 
.00552 
. 005S4 
.0%% 
.00861 


-0. 00043 
-.00082 
-.00063 
— . 00091 
-.00052 
.00011 
.00053 
.00086 
.00105 
.00128 
. 00152 
.00163 
.00180 
.001% 
.00197 
.00193 


-0.0151 
-. 0147 
-.0148 
— . 0157 
-. 0165 
-.0164 
-. 0167 
-.0170 
-.0168 
-. 0169 
-.0168 
-.0164 
-.0164 
-.0164 
-.0161 
-.0154 


-0. 0164 
-.0147 
-. 0139 
— . 0141 
-.0140 
-. 0136 
-.0136 
-.0134 
-.0129 
-.0124 
-. 0122 
-.0116 
-.0114 
-.0112 
-.0104 
-.0090 



U. 5. GOVERNMENT PRINTING OFFICE : 1937 




V 

Z 



Positive directions of axes and angles (forces and moments) are shown by arrows 



Axis 


Force 
(parallel 
to axis) 
symbol 


Moment about axis 


Angle 


Velocities 


Designation 


Sym- 
bol 


Designation 


Sym- 
bol 


Positive 
direction 


Designa- 
tion 


Sym- 
bol 


Linear 
(compo- 
nent along 
axis) 


Angular 


Longitudinal 


X 
Y 
Z 


X 
Y 
Z 


Rolling 


L 

M 
N 


Y >Z 

Z >X 

X >Y 


Roll 

Pitch 

Yaw 


<t> 
9 


u 

V 

w 


V 
Q 

r 


Lateral __ 


Pitching 

Yawing 


Normal. 









Angle of set of control surface (relative to neutral 
_ N position), S. (Indicate surface by proper subscript.) 

(yawing) 



Absolute coefficients of moment 

p _A r - M 

Vl ~qbS Lm ~^S 
(rolling) (pitching) 



4. PROPELLER SYMBOLS 



p, 

P/D, 

V, 

V„ 

T, 

Q, 



Diameter 
Geometric pitch 
Pitch ratio 
Inflow velocity 
Slipstream velocity 

Thrust, absolute coefficient C T = 



Torque, absolute coefficient C< 



P n 2 iy> 



P, Power, absolute coefficient C P = 



v, 
n, 



4 



Pri* 



Speed-power coefficient = 

Efficiency 
Revolutions per second, r.p.s. 

Effective helix angle = tan" l (zr—\ 
to \2irrn/ 



1 hp. = 76.04 kg-m/s==550 ft-lb./sec. 
1 metric horsepower= 1.0132 hp. 
1 m.p.h. = 0.4470 m.p.s. 
1 m.p.s. =2.2369 m.p.h. 



5. NUMERICAL RELATIONS 

1 lb. =0.4536 kg. 

1 kg=2.2046 lb. 

1 mi. = l,609.35 m= 

1 m=3.2808 ft. 



= 5,280 ft. 



